The method of varying amplitudes for solving (non)linear problems involving strong parametric excitation by Sorokin, Vladislav & Thomsen, Jon Juel
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
General rights 
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners 
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights. 
 
• Users may download and print one copy of any publication from the public portal for the purpose of private study or research. 
• You may not further distribute the material or use it for any profit-making activity or commercial gain 
• You may freely distribute the URL identifying the publication in the public portal  
 
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately 
and investigate your claim. 
   
 
Downloaded from orbit.dtu.dk on: Dec 21, 2017
The method of varying amplitudes for solving (non)linear problems involving strong
parametric excitation
Sorokin, Vladislav; Thomsen, Jon Juel
Published in:
Proceedings of the IUTAM Symposium on Analytical Methods in Nonlinear Dynamics
Publication date:
2015
Document Version
Peer reviewed version
Link back to DTU Orbit
Citation (APA):
Sorokin, V., & Thomsen, J. J. (2015). The method of varying amplitudes for solving (non)linear problems
involving strong parametric excitation. In Proceedings of the IUTAM Symposium on Analytical Methods in
Nonlinear Dynamics
IUTAM Symposium on Analytical Methods in Nonlinear Dynamics 
July 6 –July 9, 2015, Frankfurt, Germany 
 
The Method of Varying Amplitudes for Solving (Non)linear Problems 
Involving Strong Parametric Excitation 
Vladislav S. Sorokin
*,#
, Jon J. Thomsen
*
 
* Department of Mechanical Engineering 
Technical University of Denmark 
Nils Koppels Allé, Building 404, 2800 
Kgs. Lyngby, Denmark 
vladsor@mek.dtu.dk 
# Institute of Problems in Mechanical 
Engineering RAS 
V.O., Bolshoj pr. 61, St.Petersburg, 
199178, Russia 
slavos87@mail.ru 
Abstract 
Parametrically excited systems appear in many fields of science and technology, intrinsically or 
imposed purposefully; e.g. spatially periodic structures represent an important class of such 
systems [4]. When the parametric excitation can be considered weak, classical asymptotic 
methods like the method of averaging [2] or multiple scales [6] can be applied. However, with 
many practically important applications this simplification is inadequate, e.g. with spatially 
periodic structures it restricts the possibility to affect their effective dynamic properties by a 
structural parameter modulation of considerable magnitude. Approximate methods based on 
Floquet theory [4] for analyzing problems involving parametric excitation, e.g. the classical 
Hill’s method of infinite determinants [3,4], can be employed also in cases of strong excitation; 
however, with Floquet theory being applicable only for linear systems, this is impossible or 
rather cumbersome for combined parametric and direct excitation, or with nonlinearity. 
 
The present work employs a novel approach, the Method of Varying Amplitudes (MVA) [7], for 
solving linear and nonlinear problems involving combined direct excitation and strong paramet-
ric excitation. This approach is inspired by the method of direct separation of motions [1]; it is 
strongly related to Hill’s method of infinite determinants [3,4] and the method of space-
harmonics [5], and may be considered a continuation of the classical methods of harmonic bal-
ance [3] and averaging [2]. It implies a harmonic series solution with varying amplitudes, but in 
contrast to averaging methods, the amplitudes are not required to vary slowly. Thus the MVA 
does not assume the presence of a small parameter in the governing equations, or any re-
strictions on the sought solution. To illustrate the method several problems are considered: 
 
The first problem is vibration suppression in predefined regions of a string subjected to distrib-
uted time-periodic loading, by continuous spatial cross-section modulation; this could be rele-
vant for, e.g., oscillations of transmission lines, suspension bridges, and stay cables under rain 
and wind. Employing the effect of parametric attenuation [3], the problem is reduced to a forced 
linear Mathieu equation. As a result optimal parameters for the string cross-sectional area modu-
lation are determined for the cases of harmonically, uniformly, and arbitrarily distributed load. 
 
The second problem is the determination of eigenproperties for a Bernoulli-Euler beam with 
periodically and continuously varying spatial properties, as is relevant e.g. for risers and rotor 
blades. The corresponding governing equation is, in non-dimensional form: 
 (1 sin ) (1 sin ) 0,I Ax x         (1)  
where =(x) represents beam deflection, I and A modulation amplitudes for the beam stiff-
ness and mass per unit length respectively, and  the squared non-dimensional frequency. As a 
  
result the dispersion relation and eigenproperties are determined, and it is shown that such non-
uniform structures are able to sustain long-wave oscillations at comparatively high frequencies. 
 
Thirdly, the effect of weak nonlinearity on the dispersion relation and the frequency band-gaps 
of a periodic Bernoulli-Euler beam is examined; this is relevant, since applications may demand 
effects of nonlinearity on structural response to be accounted for. The corresponding governing 
non-dimensional equation takes the following form: 
  2(1 sin ) ( ) (1 sin ) 0,I Ax x               (2)  
where the parameterdefines the nonlinearity of the beam stress-strain relation, and the over-
bar denotes complex conjugation. As a result a shift of band-gaps to a higher frequency range is 
revealed, while the width of the band-gaps appears relatively insensitive to (weak) nonlinearity. 
 
Fourthly we analyze the response of perfectly tuned or slightly detuned nonlinear parametric 
amplifiers; this is of interest e.g. for micro and nanosystems. The model equation considered is: 
2 3(1 cosΩ ) cos(Ω ),p dx x p t x kx d t         
 (3)  
where x represents the amplifier response, d and p the amplitudes of external and parametric 
excitations with frequencies p and d, respectively,  the natural frequency, and k the nonline-
arity coefficient (not necessarily small). For a detuned amplifier (p/d2) the resulting quasi-
periodic response is obtained. It appears that large responses may emerge with arbitrarily small 
external excitation, with the amplifier gain tending to infinity. 
 
Finally, to illustrate that the applicability range of the MVA is not restricted to problems with 
non-autonomous excitation, self-excited oscillations in autonomous systems are considered for 
the Van der Pol equation with strong nonlinearity. As a result stationary as well as non-
stationary responses are determined, and validated numerically. 
 
The considered examples illustrate that the MVA is an efficient tool for treating problems with 
strong parametric excitation, combined external and parametric excitation, self-excitation, and 
nonlinearity. It may be applied as well for strongly nonlinear systems, though with certain re-
strictions on solution space. [The work is carried out with financial support from the Danish Council for Inde-
pendent Research and FP7 Marie Curie Actions – COFUND: DFF – 1337-00026.] 
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